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place continuously in the higliiy supersaturated i r ,  hotli 
snow crystnls and rinclrops nre formed even though the 
air temperature is mnny degrees below the freezing 
point.-T. O[X.adn]. 

NEWTONIAN CONSTANT OF GRAVITATION AS AFFECTED 
BY TEMPERATURE.' 

By P. E. SHAW. 
[Rfprinlrdfrorn Pcieucc Abstracts, Swt.  A, -4u.q. 25,19143, $.'MI.] 

This paper deds with the possible esistence of :I 
temperature coefficient in the law of gravitation and gives 
an account of esperinients made to discover t.his coefi- 
cient. The apparatus used is of the Cavenclish torsion- 
balance typo, and tlie range of teniperatures was from 
15" to 250°C. The invest,iga!,ion has estentlecl over :t 
number of yews and wns cn.rried out in n v:tult of the 
hysics departineiit of Univeisity College, Nottinglimm. 

ft yields evidence for a posit,ive temperature eflect of 
gravitation and measures its value. 

The accuniulatioii of negative results in the esperi- 
mental study of rwitation is remarkable. In  consc- 
uence of the incifference 7 

c 1 an es of conclitions (other than those given by the 
siiiipii law .f= G U ~ ~ C P ) ,  none of the many theories of 
gravitation so far propouncled has received general accept- 
ance for lack of dnta wherewith to test theni. Some 
recent theories which consider the ossibilhy of tem- 
perature effect, are the following.: X. ~ornzov (1906) 
advanced a wtwe t,heory in w1iic.h the &ttr.zct.ion of 
illasses would vary with . teiiiperature; G. Mie (1913) 
gave a theory of niatter wliicli includes among its corolla- 
ries a t e n  erature coefficient of 10-1~ er degree C. to the 
so-called kewtoninn constant; N. f3olu. (1913), in n 
paper on the convtitutioii of the atom, assmned that 
gravitation like raclioactivity is unaffected by all physical 
and chemical agencies. 

Previous determinations of the Newtonian constant 
have been macle at  ordinary teni ieratures only, special 

throughout the apparatus used ; otherwise convection in 
tmhe air or strdns 111 tslie niovable system niiglit produce 

This is sliown repeatedly in the well- 
gomi researches by 0. V. Boys a,nd J. H. Poynting. 
The necessity of providing a steady temperature about 
the delicate parts of the aiparatus has previously been 
considered an insuperable bar t.o any direct esperiiiient 
to discover a teniperaturc effect for G. Yet indirect 
investigations have been ~iiude. Popt ing  and Phillips 
(1905) counterpoised a 1m.w of 20s 6111. on a balance and 
varied its teniperature between 100" and - lS6"C. They 
came to the conclusion that the resulting change in 
weight, if any, was less than lo4 per degree C. for the 
range 100" to O"C., and per degree C. for tlie range 

of the grmitati\-e force to 

care being taken to iiiaiiitain uni 4 ormity in teiiiperature 

ave errors. 

Oo to - 186°C. 
1 Phil. trans., Roy31 sor., London, May 27, 1916,216: 349-392. 
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Another balance esperiment on change in weight with 
ten1 )eratwo by Southeras (1906) led to a somewhat 

In  looking for a niethod to continue and estend these 
researches it is observed that a weight of say, 1 ni., can 
be deteriiiined on a bixlance to under favora B le con- 
ditions, wlieretw in a gra\+tat.ion apparatus, like that of 
c?. V. Boys, the attraction of one iiiti.ss on another can not 
be found with great.er accuracy tBan l W 5  at tlie utmost. 
'i'hus, apart froin other reasons, it, would be futile on the 
lat,t,er type of :tpparnt.uu t.c) l d i  for 21 teniperature effect 
between 100°C. and - 1SO"C. on the snid mass, 711, since 
tlie above negative results have established the case with 
the greatest possible accuracy. Hut, in these balance 
esperinients of Poynting m d  Phillips, the large mass M 
(in their case the earth) was unc:liniiged in temperature. 
Now M is incomparably l x  er t,lmi ,111 and iliiglit have a 
prcponderat,iiig influence, w- f iereby change of its tempera- 
tun: idone would affect the niutual att.raction. In  the 
iwrk referred to, Poyiiting and Phillips suggested (though 
without any a priori rounds) the feasibihty of some such 

siriii ?I a.r result. 

expression as the fo If owing: 

wliere K is a teniperature coeiEcient and t ,  t' are incre- 
iiicrits in temperatures of hl cmd w.. Wlim M/in is very 
great, this rrcluces to 

f =G(1 +Kt)(M,/n/d') (2) 

so that, on the aliovc supposition, the uutual attraction 
would be influenced by change in temperature of the 
lar e mass on1 . 

&lmitting &e possibility involved in (3), weight ex- 
periments must be abandoned. in the endeavor to detect 
a temperature effect in gravitation and an apparatus 
adopted, having both masscs (M and 7n) under control 
as regards temperature. 

I t  IS supposed by some that Kepler's third law estab- 
1ishtr.s the constancy of G. But the resent author has 
tried to show that this is false, an s - that the common 

ractice of obtaining the masses and densities of heavenly 
godies (sun, earth, planets, etc.) by assumin the in- 
variability of G is at  fault. It was there he1 5 that in 
such a view Kepler's laws are strained beyond their 
legitimate use. 

A survey of previous researches on gravitation is then 
given and affords some slight information as to tempere 
ture effect; five cases are noticed. 

In  this connection it may be noticed that there are 
three classes of work, the results froin which should be 
clistin ishecl: (1) Chan e in temperature of both M and 
m (in%eetly by Boys, taily, von Sterneck); (2) Chan e 
in temperature of M only (indirectty by Mendenh a% , 
dire& in the present research): (3) Change in tempera- 
ture of na only (directZy by Poynting & Phfips). 

In  the resent research a nuniber of early e s  eriments 
were ma R e in a 

of B oys; that is 

ways. Finall a P orm was 

the chamber. %he 

ado ted closely the Cavendis experimenta 
siiid masses, en&, na, were 

an esliausted chamber 
inasses, M, M, hun at  

ones of lead. The 
~ 

*See Science Abstracts, 1918,s 16213. 
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latter were electrically heated, their temperatures being 
read by mercury thermometers. The zero positions of 
the small suspended s tern were deduced by noting the 
turning points y r e a r b y  a distant telescope and scale. 
Thus the relatlve gravitative effects with the large 
masses cold and hot are found by observing the shift in 
each case on .qotating the large niasses froni the one 
attractmg posltlon t? the other. 

Elaborate prectmtlons were taken to moitl various 
disturbances or spurious effects. Thosc dealt with tire 
electrostatic, nia etiv convection, radiometer pressitre, 

of heat, and displacements pf apparatus. Taking all 
circumstances into consideration, n pressurc of 14 nini. 
was held to be most satlsfactory aiid was adopted in 
many of the later esperiments. Thc results of the es- 
periments with the h a l  form of apparatus are suni?ii?- 
rized in the table [not reproduced here]. From this It IS 
deduced, for the given temperature range o€ the larger 
masses (of about 47 kg. each) if a linear relation be 
assumed, that 

f=G(1 +&)M/n/d2, 

where a is a temperature coefficicnt of v n l u i ~  (-1-1.30f 
0.05) x 

occluded gases, i? amping, radiation pressure, conduction 

per degree C.-E. H.  B[arlon]. 

GEAVITATION AND TEMPEXATURE.:' 

By J. L[ARMOR]. 

[Reprinttd~mom Science Abstracts, Sect. A, Aug. 25, 191% &?;I.] 

As the outcome of n very delicate systcnmtic wries of 
experiment,s, it  is announced by P. E. Shmv [see above] 
that when one large mass at.tract.s :I. sm:dl onc tho gmvi- 
tatire force between them increases by about 1/500 :is 
the temperature of the 1a.r e ninss rises from, s w ,  15O t,o 
315OC.; thatis,it increases % y about 1.3~lO-~of'itselfprr 
degreeC. This seems to be a very stnrtling rcsult, :it any 
rate if temperature is mere1 the espression of intciimnl 

admit. 
By Newton's principle gravitation betwwn masses 

must act reciprocally; the result, therefore, nienns that 
the astronomical mass of a body must incre;ise wit.li teni- 
perature by 1.2 x 10-5 of itself per degree C. 

The pendulum experiments of Bessel and rcrcnt c1ct.w- 
minations by Eotvos seem to establish proportjonality be- 
tween gravitational mass a.nd mass of ntertic., iiwqt.ct,ivc 
of temperature, well beyond these limits. Thus inert.in. 
also would hsve to increase with temperatmure, >::nil when 
a freely moving mass is becoming wwnicr its vrlocit,g 
must be diminishin , for its momentum must be con- 
served. A comet li -e Halley's is heated upon ap roach 
to the sun; thus i t  should suffer retarda.tion in t\e a:- 
proaching, and accelerat,ion in the receding part of t e 
orbit, enough, probably, to upset existing astrononiicnl 
verifications. 

Electrodyna.mic theory does establish unequivocally 
an increase of inertia of a body arising from gain (SE) of 
thermal or electric energy; but this is only of amount 
SE/c2, where c is the. velocity of rn.cliatioo, and so is 
minute beyond detect,ion. The question wliet,her there 
is also an equivalent iricrease in g?.a.ritational~?ia.ss cratles 
discussion until some link coiuiec tine wavit,titire ii.ntl 
electric forces has been est.a.blishecl.--h. B. B[nrtoii]. 

strwted above. 

molecular motions, as iiidee B the esperimenter scomed to 

-. .. -- 
SRevlew in Nature, Lmdm, June 15, 1916, 92321, 01 the paper by I?. IC. Slrw ab- 

ICE CRYSTALLIZATIONS FXOY AQUEOUS SOLUTIONS.' 

By R. HAicTarANN. 

[Repiiatrd/rorn Science Abstracts, Sect. A, M3y 25,1916,562S.J 

The solutioiis roiitnin eane SUWW, glyc.erol, alcohol, 
NaBr, MiiYO,, NaOH, FeCI,, or €Ih, d e . ,  in water, and 
:ire untlerroold, with t h  two Irtst-mentioned so1vent.e t o  
- 3S0  niicl - 40°C. %'lit. crystallit.es tiirn scpintting :ire 
of four or 5-w t.gpc-s : ( a )  The skclet.ons or iiiiclei are hesag- 
onal or rc-ct.:ingul:ir in out,line, but the tdirec or two (rec- 
tangle) ~ I X V S  cross in 1mt.h c:ises at 60: (1)) n.nd ( c )  spheru- 
lites, radio1 or built up of plntes; (d) fen the~gowths .  
With moder;Ltc. nntlcrcooling (a1 is obtainccl; (b) and ( c )  
with heavy unrlcrcoc~ling ; (cl) in very clilute solutions, 
what,ever t.he woli?ig. In order to sec? whether t.he nuclei 
have nll the s:{nie melt,iiig points, t h y  were placed in 
watcr a.t, -2" :ml t h w  wry slo:vlg lientccl up, differ- 
c11ces of 0.001 degrcn C. heiiig o1:)ecrvable ; bhe melting 
pcrint,s were ~ilw-a!j-s found x,rnid. In the ( m e  of the 
two ($1) t,ypes, t.he linc::r vclocity of crystn.llization was 
furtlicr detc.niiincc1; 110 difIerences n w e  observed. When, 
in tlio spont.:iiicous crys t,:ilIimtiy a iiuclcus licippens to 
settle em t h r  glnss s11rl:~~ wit,li Its h s e ,  2% 11es;igoli SeelilS 
to br formed J when with its trinngulnr edge :L rcvt~ng1;le is 
for111C.cl.- II .  C[o/*n 81. 

THE U T A  THERMOMETEE AS A MEASURE OF THE EFFEfT 
OF ATXOSPHERIC CONDITIONS ON BODILY COMFORT. 

By C.-E. A. WINSLOW. 
[Rfprin/cd/,am Science Abstracts, Sect. A, Avg. 5, 1916, 8 W?.] 

The reaciii!gs cjf :in ordinary ther~noinetcr afford n poor 
iii~[it::lti~m ot t h o  c!,c..gi.ce of coJ:dort felt b>- t.ho average 
intlivitlunl, w!io in atlclitiiiii to fcding the c+i'rcts of t e ~ -  
per:it,urc is also sc.ilsit.i\yt! to c.ir movelilelits. TO ohtdn 

11ior~~ s:ttisf:wtoq- :wasure of coinfort 1,. Hill devised 
the kat,~--tilenuo.neter outfit, which consists of two ther- 
i1ionieter.i; wit.11 large bulbs aiid s t e ~ s  graduntetl from S 6 O  
to 1 :o"P.,  on^' to Le rc:tc!. ,::.s a dry- t t n d  t,he other as a 
wet-bulb thew Imiicter. 1 lit! h l b s  are lieiitccl to about 
1 IoT., niid then, whiic! t,liey arc! freely esposecl, the 
tinit? t&n to f d l  froiii 100° t,cj W'F. is noted. The 
ttutlior hiis tdwn thrce swiw of reatlincvs with the a.ppa- 
rikt,us unci cr tliflercnt. circui:is tmices. f t tlie smie t.i:ne 
ti b:uitl of observers t.stiu!;itecl the ilegree of conifort of 
the coui!it.ions on mi arbitrary sc.ale of 1 to 5, in which 3 
represented iileal conditions zi.iitl 1 nncl 5 estremes of 
cold and wariiith, respectively. The coiiiparative in- 
struinent.ul aid personal re.sult,a nre set out in tables and 
on ti cliiigruin. As u result i t  scGJils clear that the instru- 
iliellt is of went riilue in ~i~cusuring tho actual influence 

air oon&tions on tlie bociy  ant^ is grent.ly superior 
t.o t.hc ordimry t.herxo:iic!tcr for t,his purpose. The curves 
show that contiitions of li::isil?lui:l cmdort arc representetl 
ljy fallin.. times, Ircm 101)" to 90" I+'., of 45-60 seconds for 
the w e t - h b ,  and 150-1SIj seconds for t h  dry-bii1b.- 
J. 8. Di[rr~.s]. 

BALL LIGHTNING ON PUY DE D~IJXE.~  
Hy E. YATEUA~. 

[Repinled from Science Abstracts, Sect. A, Aug. 25.1816, 5 917.1 

On April 15, 1316, the phciioiiienoii of I d  lightning 
was observed 011 three occasions-at lSh ?Om, lSh 30m, 
and 501n-tnliing the forln of t i  brilliaiita fireball with 
somewhat hazy contour, aftei.u.urcls changing to an oval 

1 Zcitsch. I Anorg. Chew Aug. G 1914 88:1?.+13?. 
2 Science N e w  Turk M$lY 191; (N. b. 
8 i'omptks reudus. &is, Ap;. 25, l!llli, d i : M 2 .  

4351fi-719. 


